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By Charles E. Yoit, Donald C. Guentert 
and James F. Dugan 

A complete stage of an axial-flow ccanpreesm was desi@ped and 
bui l t  ta Fnvestigate  the  possibility of obtaining a high pressure 
r a t i o  per stage with an acceptable efficiency through t h e  we of 
an o p t b u n  cambinatian of high blade -ding and high relat ive 
in le t  Mach number. This-stage was designed for a symmetrical 
velocity diagram at the mean radius  with a &eel-type ro ta t ion  
through the Inlet guide and a vortex addition in the rotor. 
The NACA 65-series  blower-blade sectipn was used and the blades 
were installed in a variable-component, axial-flaw cmpressor with 
a  constant t i p  diameter of 14 inokies and a hub-tip  ratio of 0.8 
at the leadine; edge of the  rotor blades. The over-all stage per- 
formance was investigated over a nmge of' weight f lows a t  equiva- 
lent t i p  speeds fmsn 418 t o  836 feet   per aecond., correspondhg to  
a range .of' 50 t o  100 percent of design speed, respectively. 

A t  design speed, 8 peak total-pressure r a t i o  of 1.445 was 
obtained with an adiabatfc eff iciency af 0.89. For design angle 
of a t t a c k   a t  the mean radius, a total-pressure  ratio of 1.392 
was obtained. 

INTRODUCTIOM 

DI order t o  permit the design of more compact axial-flow 
compressors for airoraft application, it is necessarg t o  increase 
the pressure r a t io  per stage  to  a lnaximm value that  is consistent * 

with obtaining acoepkble  efficiencies and weight flaws. An 
analysis of the  effect of basic design variables on the perform- 
ance of axial-flow compressors (reference I) indicates that the 
blade loading and the inlet MEtch amber of' the air  relative t o  the 
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blades are the pFmary factors  in determining the  preseure r a t i o  
obtainable in an  axial-llm-ccmrpressor stage. Because the critical 
Mxh number of 8 blade section, beyond which sonic veloci t ies  occur 
on the blade surface, decreases as the blade camber is increaeed t o  
obtain higher blade loadings, an optimum cmbkatian of the two 
variables mmt be used to   obtain a maximum peesure ra t io .  

The resu l t s  of an investigation of the performance of' a single 
row of highly loaded rotating blades (reference 2) indicated that 
a total-pressure ratio. of 1.44 m i g h t  be obtained with acceptable 
efficiency by the use of high blade loadlnge and a high re la t ive  
inlet Mach number. In order t o  verify this  prediction and t o  inves- 
tigate the performance of euch a compeseor stage, a cmgle te  stage 
coneisting of inlet guide vanes, rotor, and stator was designed, 
canstruoted, and investigated  at  the MCA Levis laboratory, The 
rotor and s t a to r  blades were designed on the basis of two-dimeneional 

' caacade data for an optimum combination of blade loading and rela- 
t ive  inlet Mach number f o r  a NACA 65-series blower-blade section 
t o  pmduoe a high pressure ra t io .  The blades were Installed in a 
14-inch-diameter compressor that had a hub-tip  ratio of 0.8 at the 
leading edge of the, rotor  blades. 

The performance IS the compressor hweetigated over a 
range af weight  flow8 a t  equivalent rotor t i p  speeder from 418 t o  
836 feet per second, co2responding t o  a range of 50 t o  100 percent 
of design speed, respectively. Perf'ormanoe curves are presented 
aa the variations of the  total-preseure  ratio and efficiency x i t h  
correcteb weight flow for the different speeds; comparisons are 
mde with design values predioted from two-dimeneional cascade 
data. 

In designing t h i s  single-stage CmpeBsor, an attempt was made 
to obtain a high preserure r a t i o  with acceptable efficiency, The 
WACA 65-aeries blower-blade eection with a 6-percent thlclu~ess was 
 hoee en for w e  in t h e  inves t ig~~t ian .  The rotar-blade oambere and 
angles of at tack were selected from the design values in  refer- 
ence8 3 and 4 on the basis of the flattest  pressure distrfbution 
and represent the approximate center of the low-drag region of the 

1 angle-of-attack range f o r  a given blade section. Because of the 
flat pressure distribution, these design valuee also represent the 
angle ai' at tack with the highest critlcsl Mach number. 

. 
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The m i a t i o n  of stator-blmle turning angle from hub t o   t i p  
wa6 very mall and a comtant-camber section  with a b e r  and angle 
of a t t ack   fo r  the flattest pressure dis t r ibu t ion   a t  the mas-radius 
blade  section was used. The c r i t i c a l  Mach 1~m1ber8 of these blade 
sections mre obtained f r o m  high-speed wecads data secured f m  
the NACA Langley laboratory. The use of the critical Mach nmber 
a8 a limiting value  provides a factor  of 88fetq; that  is, these 
high-speed cascade data inificate that excesBive Loaeee are not 
obtained untfl a Mach  number somewhat higher than t he   c r i t i ca l  
value is reached. haamuck; a8 cascade dah on the  highly canbered 
sections with 6-percent thiclrness were very l imited,   msiderable 
extrapolation was required. 

The guide ~ a n e s  were variable-chord, circular-arc, sheet- 
metal vanes desfgned by use of the follawlng equation  derived f r o m  
equations in referenoe 5: 

AS = cp (1 - 0.26 a) 
(The symbols used Fn t h i s  repart are defined in the appendix.) 

The followhg assumptions were uaed Fn the compressor  design: 

(1) Velocity diagram based on a wheel-tme  rotation added by 
the inlet-guide vanee, vortex addition by the rotor, and a 
symetrical diagram st the mean radius;  rotation,  &ich is 
added by the  rotor, removed by the  stator 

(2) A r a t io  of aria1 velocity a% the mean radius t o  rotor t i p  
speed of 0.6, c u r r e a p n d h g  t o  maxf-mum-power-input conditions 

(3) Simple radial equilibrium af pressure fram hub t o  tip at 
the entrance t o  each blade row 

(4) Constant Mach number at the mean r a d i u s  entering the  rotor 
blades and at the same radius entering the stator blades 

The des+ velocity diagrame at the hub, mean, and ti> radii are 
shown in figure 1. In applying the deeign values aP references 3 
and 4 t o  .cmpresmr-blade design, it 1s neces~a2y t o  use an  equi- 
valent constant aJdal-velocity diagram based on the mean of the 
entrance and ex i t  axial volooitiee  (reference 6). A aummary of 
the blade design is presented in  the following table: 
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.. 
Guide vane 

Hub 1 .  Mean Tip 
Rtadius ratio, leading edge 

Nmber of blades 40 
arc,  4.25-in. radius Circular Blade eectian 

0.06 0.06 0.06 Blade thickness, in. . o  0 0 .  Incident angle, deg 
1.790  1.765 1.740 Solidity 

26.8 cu 23.9 19.3 Included angle, deg 
1.97 Ql 1.76 1.43 Chord, in. I. 000 0.906 0.747 

. . -  

tfJ 
rl 

Rotor  blade 
Hub 

Radius ratio,  leading edge 
39.7 ‘purning angle, de63 

, 0.800 

Angle of attack, deg 

1.35 Chord, in. 
45.0 Stagger angle, deg 

0.668 Relative in l e t  Mch nmber 
25.6 

Solidfty 1.69 
Blade sect ion 65-(20.8)06 
Number of blades 44 

Mean 

1.35 1.50 
1.35 1.35 
52.8 49.1 

0.740 0.704 
15.7 18.7 
23: 4 31.2 
1.000 0.906 
Tip 

65- (16.0)06 65- (13,1106 

Stator blade 
Hub 

Radiue ra t io ,  lead- edge 0.832 

Angle of attack, deg 17.4 
Stagger angle, deg 

0.734 Absolute inlet  Mach number 
47.2 

Turnin@; -10, m 31.2 

Chord, in. 
1.69 Solidity 
1.35 

€%&de section 
number of blades 46 

65- (l3.8)06 

Mean 
0.906 
30.7 

16.75 
47.7 

0.702 
1.35 
1.56 

65- (l3,8)06 

Tip 
1.000 
29.5 
15.8 
49.1 

0.664 
1.35 
1.41 

65-(W.8)06 

. .. 

These blades were instal led in a variable-component axia l - f lw 
compressor having a constant t i p  diameter of 14.00 inches. The 
hub profile,  designed from continuity using an isentropic cmpres- 
sion p o e s a  and the previous design aserlmptiopls, resulted in a hub 



NACA RM S O A 0 9  - 5 

dfameter that varied from 10.464 inches a t  the guide-vane in l e t  t o  
12.100 inches a t  the outlet survey station,  Tip and hub clearance 
for   the  rotor  and s t a to r  blades, respectively, was approximately 
0.015 inch. 

Cnmpressor Installation 

A schematic drawing of the compressor instal la t ion is pre- 
sented in figure 2. A i r  entered from the test cell through a 
thin-plate  orifice mounted on the end of an orif ice  tank and flowed 
through a butterfly valve into a depressian tanIr 4 f ee t  in diameter 
and 6 f ee t  long. A series af Boreens and a 3- by 3-inch honeycomb 
were used in the  depression  tank t o  obtain Bmqoth, uniform flow 
into the bellmouth W e t  of the campreeaor. The a i r  was discharged 
from the- compressor through a collector into dual outlets connected 
t o  the  laboratory  exhaust system. The a i r  flow W&E controlled by 
a bUtte&ly in the o u t h t  ducting. 

The campressor was driven by a  400-borseparer, 20,000-rp 
dynamometer . 

Instrumen%ation 

Ins tmen ta t ion  waa g o ~ d e d  in  the  depression  tank,  after the 
guide vanes, and a t  the compressor outlet  to m e a s u r e  over-all  per- 
f ormance. (See fig . 2. ) mel-ry circumferential surveys w e r e  
made in order t o  locate  the survey inetnmtents so that  they were 
removed from the wakes of upstream etat iomrg blades and hetrumentsi 
The circLrmferentia1 surveys consisted of radial  surveys of s t a t i c  
presswes, total pressures, and flow angles spaced c i r c d e r e n t i a l l y  
a t  lo intervals  over a t o t a l  of EO, and were made f o r  various 
w e i g h t  f lowe and speeds. A l l  radial surveys were made a t  six 
radial  positions. The four maFn radial p s i t i o m ,  b, c, d, and e, 
w e r e ,  located at the  center of four equal-area i nc re rk t s .  Two 
additional goalti&, a and f, were located 1/16 inch from the t i p  
and hub walls, respectively. (See table I.) 

Station 0 was located in the depression tank. Because of the 
size  of t h i s  task, peesure and tempratwe m e a s u r e m e n t s  were 
assumed t o  be stagnation values. Temperatures in the  depression 
tank were measured by four thermocouple probes, each of which  con- 
tained four thermocouples.  Three w a l l  taps were used t o  measure 
s t a t i c  pressures. 
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Station 1 was located  approximtely 1 / 4  chord-length ugstream 
of the rotor  blades. Becauae the  total  temperatures were  assumed 
t o  be constan'b across the Guide vanes, no temperature measurements 
were made a t   s t a t i m  1. R a d i a l  surveys of t o t a l  pressure and flow 
angles were made Kith a cambination claw total-pressure probe 
(fig. 3(a)); static-pxmare survey8 were made with a miniature 
wedge-type static-pressure  pobe  (fig..3(b)).  Orientation of the 
static-prbssure probes  with the flow angle a t  stations I and 3 ua8 
accomplished bg balancing  the  preeeure  obtained fmm separate 
statfc-pressure  taps on each side of the wedge. 

No measuramente were made at statim 2. 

Compressor-outlet measuremento were made a t  station 3, approx- 
imately 0.9 chord-length  h?netream of' the  stator  blades. Ln 
order t o  permit the measuremmt of the energy a d a d  t o  the a i r  by 
the rotor  blades, a high degree of accuracy was required in the 
meastmment of the  total-temperature rise from s ta t ion  0 t o  eta- 
t i an .3 .  For t h i s  reason, the thsrmooouples in each of the four 
radial rakes at stat ion 3 were connected differentially  with  those 
a t   s t a t i o n  0 Fn such a manner a s  t o  measure an average circunrfer- 
ent ia1 value Or the  temperature r i ae  a m o s ~  the compressor at eaoh 
of four radii. One of the thermocouple rakes is shown i n  fig- 
ure 3(c). Total-pressure ineasurements w e r e  obtained f ram f o w  
15-tube circumferential  rakes  (fig. 3(d)) distributed about  the 
periphery of the compressor. Each rake was located a t  one of the 
four radial positfans, and was formed of 0.030-inch tubing spaced 
0.080 lnch between centers; ea& covered a complete blade pastsage. 
In addition, a single rad ia l  survey of total   pressure was obtalned 
with a combination c l a w  total-pressure probe. Statio-presaure 
measuremsnts at s ta t ion  3 were obtalned fram a single radial survey 
with an Etype static-pressure p b e  (fig.   3(e)).  In  addition, 
wall static taps were provided an both the inner and outer walls. 
Flow anglee w0re obtained by means of a 8-10 radial  survey  'with 
a combination claw total-preesure probe. A summary of t h e   h s t r u -  
mentation is given in table I. 

A l l  stat ic-  and total-preseure meaeuremmte were made differ- 
ent ia l ly  against the inlet depression-tank pressure. All s ta t ic -  
pressure  probes were Individually calibrated againet mch number. 
Because af the high accuracy req-d for the temperature measure- 
ments, it wae mce8saq t o  calibrrtte the thennocouple rake8 for 
variation w2th t o t a l  pressures .as well as with Mach number. 
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Air flow through the compressor was measured with a standard 
thin-plate orifice at the intake end of the  orifice tank. Com- 
pressor epee& was mearnzred by a precision-type tachometer. 

The estimated accuracy of the measurements is as follows: 

Pressure, percent of -ic pressure . . . . . . . . . . . .  EL.0 
Absolute air anglea, deg . . . . . . . . . . . . . . . . . .  f1.0 
Inlet  tampsrature, OF . . . . . . . . . . . . . . . . . . . .  30.5 
TOtal-t~mperat~r8 rise across (;~rmpreasor, 9 . . . . . . . .  fo.5 
Compressor speed, percent . . . . . . . . . . . . . . . . . .  N . 2  
Weigh% flm, percent . . . . . . . . . . . . . . . . . . . .  * L O  
C o m p a r F s o n  of integrated weight flows downstream of the stator  
'blades  with  the orifice weight flars provided a check on the accu- 
racy of instrumentation, These integrated weight flows checked 
with the orifice values within f2.0 percent over the entire flow 
range except mar mge. 

Operating Conditions 

For this ~nves t iga t~on ,  the equivalent t i g  speed ut/fi vas 
varied fram 4lB t o  836 feet  ger sec~nd, correspondin@; t o  a range of 
50 t o  100 percent of &sign speed, respectively. The pxmn.~re in 
the depression tanlr was maintalsed canstant a t  25 inches of mercury 
absolute f o r  all flaws and speeds. At each speed, the air flow -was 
varied fran the maxfmrw obtahble wfth the  given inlet pressure  to 
surge. For equivalent t i p  speede of 42.8 and 502 feet per second, 
there m e  no audible surge and the air flow was decreased to blade 
stall as indicated by the negative slope of the pressure-ratio 
curve. 

Methods of Calculation 

Total-presaure ratio. - The total-pressure r a t i o  used In t h i s  
investigation was obtained from a mass-flow weighted average of the 
isentropic energy input integrated across the flow passage (refer- 
ence 6). 

Adiabatic Mficisncy. - The .adiabatic  efficiency used fn eval- 
=tin$ the cclmpressor p r fomznce  3s calculated from a mass-flaw 
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weighted average of the total-temperature rise across  the  canpreaeor 
and a mass-flow weighted  average of the  total-pressure  ratio  (ref- 
erence 6).  . .  

RESULTS. AND DISCUSSION 

Total-Pressure Ra t io  

T J I ~  over-all  total-pressure  ratio p3/p0. is  plotted against 
the  correuted weight flow Wfib in figure 4. The dashed curve 
indicates  the f l o w  condition  for  design angle of at tack of the air 
entering  the  rotor  blades a t  the mean radius. Design flow condi- 
tio- OCCUT a t  the approximate center of the  effective  flow range, 
shif t ing  s l ight ly  toward the high-flow  region a t  the  higher speeds. 

The surge limits of flow are also.given. A t  t h e  three  higher 
speeds, an audible surge and very unstable flow conditione were 
encomtered at flaws s l igh t ly  below the minimum mlues presented. 
A t  the two lower speeds, no audible surge occurred over the flow 
range investigated,  but emall fluctuations fn flow conditione a t  
the lowest flows indicated that unstable operation waa imminent. 

At the  design speed of 836 f ee t  per second, a peak-pressure 
r a t i o  of 1.445 was obtained and f o r  design =le of attack a t  the 
mean radiua, a pressure r a t i o  of 1.392 was obtained. The preseure- 
r a t i o  and weight-flow relation  calculated from design values and 
the experimentally  obtained  adiabattc  efficiency of 0.88 is 1.342 
a t  l3.17 pounds per second and .laL inaieted by the plus sign on 
figure 4, but the actual pressure r a t i o  obtained a t  this weight 
flow is considerably above t h i s  value. This deviation  indicates 
a greater amomt of turning of the  air by the  rotor blades than 
the  &sign turning value. The blade settings were designed f r o m  
low-epeed cascade data, and the turning f o r  a given blade config- 
uration increases about lo with an  increase Fn Mach  number from the 
value of the cascade t e s t s  to t ha t  of the rotor  teste  (reference 2), 
The effect  of t h f s  increase in turning, hawever, would increaee the  
pmlicted pressure rg t io   t o  anly 1.354. Inasmuch as l i t t l e  cascacle 
data are available,  particularly f o r  blades wi th  6-percent  thick- 
ness, the remaining discrepancy between the predicted and measured 
pressure ratios can be at t r ibuted t o  an inadequacy of csecade data 
and t o  inadequate  corrections f o r  three-dimensional effeots, auch 
as variations in axial velocity across the  rotor-blade row. 
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Adiabatic Sef iciency 

The masa-f low weighted  average adiabatic  efficiency f o r  a l l  
speeds Investigated fs plotted  against  corrected might flow in  
figure 5. The design f l o w  condition at  the mean radius enter- 
the  rotor is indicated by & bar on each efficiency c m e .  A t  the 
three  higher  speede,  the  efficiency is nearly  constant  over an 
appreciable range of corrected weight flows. A t  design speed, 
t h i s  weight-flow range corresponds t o  a range of angle of attack 
at  the mean radius from above t o  22 below the design value. 10 

9 

The design cambers and angles of attack were chosen t o  give 
the   f l a t t e s t  pressure dietributiona f o r  the  required turnin@; 
angles and were obtained f m m  ref  erenc8s 3 and 4. These values 
represent  the a p p m m t e  center of the low-drag region of' the 
range af angle of attack 88 well as  t h e  approldmate angle of attack 
f o r  the rmxlmum critical Mach nmber for a given .camber. A t  a l l  
speeda presented,  the peak efficiency of t h i s  compressor occurs on 
the low-flow side of the  design  point. For Mach numbers below the 
c r i t i c a l  value, the maximum blade lift-drag ratio and therefore 
the max3mum efficiency will occur at a higher angle of attack than 
the cascade design value; therefore  the peak efficiency in t h i s  
compressor occurs a t  a flow below the design value. A t  design 
speed, a peak efficiency of 0.83 and an efficiency of 0.88 a t  
design flm conditions were obtained. The pressure  ratio  obtained 
with this  single-stage compressor i s  equivalent t o  that obtained 
in two or three  stages of B current commercial multistage com- 
pressor, and the  efficiencies gbtained a r e  ccrmparable. 

a 

The relative Mch number and angle of attack  entering  the 
r o t o r  f o r  three  corrected w e i g h t  flaws a t  design speed are plotted 
against the radius r a t i o  in figure 6. This weight-f low range 
covers the good efficiency range f o r  t h i s  aped.  The curves for 
design angle af attack and design re lat ive Mach  number are shown 
by the dashed 1-s f o r  cnmprison. The distribution of the angle 
of attack approaches the design distrfbution over  the inner por- 
tfon , o f  the passage, but a sharp increase in angle of attack 
occurs ' i n  the outer portion of the paseage due to an underturnlng 
through the guide vanes and a decrease in the axial  velocity in 
t h i s  portion of the passage. The distribution of the  re la t ive 
Mach number approaches the  design distribution closely except fn 
the  outer portion of the passage. . 

The absolute Mach  number and absolute air angle at  station 3 
and the blade-element efficiency f o r  the ~ a m e  three  corrected 
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w e i g h t  flaws a t  design speed are plotted against radius ratio In 
figure 7. The distribution of the Mach  number a t  s ta t ion  3 
approaches the  design  distribution over the main portion of the 
passage with  the  slope of' the -erperimental c u ~ v e s  being el ight ly  
greater than that of the design c m  over the inner portIan of 
the paeeage. 

The air-flow  angles a t   s t a t i o n  3 are nearly the same f o r  the 
two higher flows, as  shown in figure 7; a t  the lowest flow, how- 
ever, all the flow angles  are  greater.  This.increase in flow 
angle  occur^ at the extreme low-flow end of the good-efficiency 
range and indicates stator-blade s t a l l  and reduced turning through 
the s ta tor   resul t lng from too high an angle of attack. 

The flow angles at s ta t ion  3 a r e  low campared with design 
values over most of the good-ef'ficlency flow range and are par- 
t i cu la r ly  so omr the Inner portion of the passage due t o  a greater 
amount of turning through the  s ta tor  than the design value. This 
increased  turnhg can be at t r ibuted t o  the same factors that pro- 
duced the  turning of higher-than-design value through the  rotor. 

The drop in efficiency in  the  auter half' af the passage can 
be a t t r ibu ted   to  losses due t o  boundary-layer flow in both  the 
rotor  and the  stator,  rotor-tip  clearance lossee, and mismatching 
of the  rotor- and stator-blade rows due t o  the  high angle of 
attack on the  rotor blades in  the outer portion of the paswe. 
The rotor  asd s ta tor  blades were designed f o r  uniform loading. 
The poor clietribution of angle of attack near t he   t i p  of the rotor  
blades caused nonuniform blade Loading, which could r e su l t  in 
eecondary loeses due t o  induced vortices  over  the  outer  portion 
of the passage. . 

Application t o  Multistage Ccanpressors 

Tbe resu l t s  of this  investigatfon show that it is possible t o  
deeign blades that K111 produce considerably  higher  atage presmre 
ratios with acceptable  efficiency than those produced. in current 
cammercial compressore. A l l  stages of a multistage compressor, 
however, cannot be operated a t  -pressure ra t ios  of .this magnitude. 
In the inlet stages, where the hub-tip r a t io s  are  low, the large 
variations in flow and in bbde speed from hub t o  t i p  do not 
permit the  high  pressure r a t io s  that can be obtained in  stages 
with  higher hub-tip ratios.  The attainment of high et43e preseure 
ratios neceseitates high equivalent  rotor spede ,  large re la t ive  
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inlet -a i r  angles, and high relative inlet ,&ch numbers. Inasmuch 
as the  equivalent  rotor a p e d  decreases through multistage  axial- 
flow campressors because of t h e  rise in temperature, it may be 
necessasy to operate  the  Fnlet stages at equivalent t i p  speed6 and 
relative inlet Mach numbers higher than the 0pthn.m for maximum 
pressure r a t io  in order to  permit the l a t e r  stages t o  be operated 
a t  the optimum values. The compromise between the  entrance and 
exit-stage pressure ra t ios  cas be  aetermined on the  basis of the 
minimum number of stages required t o  obtefn the dt383zed over-all 
pressure ratio.  Application of optimum camber and relat ive Mach 
numbers should resul t  in an appreciable deCreas8 in  the number of 
stages  required Fn a  multistage  axial-f low compreseor. 

From the  investlgatian of the over-all performance of a com- 
plete  stage of an axial-flow compressor designed f o r  a high pres- 
sure r a t i o  by the  opthum  cambination of re lat ive inlet bkch  number 
and blade camber, the follaring results were obtaiaed: 

(1) A t  design speed of 836 feet   per  secona, a peak total-  
pressure  ratio of 1.445 was obtained. At design angle of attack 
at the mean radius, a total-pressure r a t i o  of 1.392 was obtaFned 
a s  compared y i th  the  predlcted vslue of 1.342. The discrepncy 
between the  predicted  value and the  experimental value could be 
partly attributed to the  increase In turning -le t h a t  acccnnpaniee , 
hfgh inlet Mach numbers, and partly to  Fneufficient cascade data 
and inadequate  allownce for three-dimansioaal flow effects. 

(2) A t  des@ speed, the nraes-flow weighted average  efflciency 
remained almost constant over a range of flows corresponaing to a 
change in angle of attack on the rotor blades f r o m  appmxhatelg 
6' above t o  2- below the  design angle of attack, lo 

2 

(3) The peak efficfency of 0.89 was obtained a t  appro"Le1y 
the same f l o w  at which the peak pressure r a t io  was obtained, A t  
the  design po-t an efficiency of' 0.88 was obtained. 

Lewis Fl i&t  Progulsia Laboratory, 
. National Advisory Camittee f o r  Aeronautics, 

Clewland, Ohio. . 
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AppEElDIx - mplzBoLs 

The following symbols are used in t h i s  report: 

blade Election chord, f t  

total pressure, lb/sq ft absolute 

radius, f t  

r&diuE r a t i o  

blade. spacing, f t  

blade veloci ty   a t  any radius, ft/sec 

equivalent t i p  aped  corrected  to standard M A  sea-level 
conditiom, ft/sec 

absolute a i r  velocity, ft/eec 

air  velocity  relative to rotor, f t /aec  

weight f lox, lb/sec 

W e i g h t  flaw corrected  to stRnARrd NACA sea-level can- 
d i t  ions, lb /se c 

absolute stagger angle, angle between compressor axis and 
absolute a i r  velocity, deg 

re lat ive stagger -le, angle between camps6or  axia and 
relat ive air velocity, deg 

absolute turn- =le in guide vanes, deg 

relative turning angle in rotor, deg 

r a t i o  of absolute preseure t o  s t a n d a r d  NACA sea-level 
absolute p a s u r e  

mass-flow weighted average adiabatic  efficiency 

r a t i o  of absolute temperature to standard I&CA sea-level 
absolute  temperature 
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. 
Subscripts: 

w 
0 0 h l e t  measuring statim 

1 after guide-vane m e a s u r i n g  station 

2 station after rotor 

3 outlet measuring station 

t tip  radius 

1. S b e t t e ,  John T., Jr.: Analysis of Effect cS -sic Design 
Variables On S U b s O n f C  Axfal-Fl~-Campressor P8EfO-Ce. NACA 
Rep. 901, 1948. (Origrzlally KACA €34  E7D28.f 

2. Dugan, Paul D. , Mahoney, John J., and Eenser, ,William A. : Effect 
of Mach Bmber on Performance of an Axial-Flow-Compressor 
Rotor-Blade Row. NACA RM E8D29,  1948. 

3. Bogdonoff, Seymour M., a,nd Bogbnoff, Harriet E.: Blade Design 
Data fo r  mal-Flow Fans and Compressors. NACA ACR LSF07a, 
1945. 

4; Bogdonoff, Segmour M., and Eess, Eugene E. : Axial-Flow Fan and 
Compressor Blade Design Data a t  52.5O Stagger and Further 
Verification. of Cascade Data by Rotor Tests. NACA !I% 1271, 
1947. 

5. Howell, A. R.: The Present Easi6 af Axial Plow Compressor Deal@. 
Par t  I. Cascade Theory and Performance. R. & M. No.  2095, 
Bri t i sh  A.R.C., June 1942. 

6. Mankuta, Earry, and Guentert, Donald C,: Investigation of Per- 
fculnance of Single-Stage Axial-Flow Compressor U s i n g  NACA 
5509-34  Blade Section. NACA RM E8F30, 5948, 
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After 
guide 
vanes, 
1 

After 
etator 
blades, 
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a-6.932 
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Measurement Circumfer- Lnetrument 
ent la1 

pos i t i cm 1 
Total,. 
mxmmre 

3 Wall taps 

Total 

1 Miniature wedge-type s ta t ic-  Stat ic  
radial  m y  pressure 

1 C l a w  total-peesure p b e ,  Tota 1 
temperature 

4 Thermocouple probe 

preqsure pressure probe, radial  survey1 
Wall tam. -outer wall 5 

Total  15-tube  circunrPerentia1 total-  
preseure pressure rake, radial  

. positions b, c, d, and e 

C l a w  total-pressure probe, 1 
radial survey, all radial  
POSi%iOnS 

Stat ic  

2 Wall taps, inner wall 
5 Wall taps,  outer wall 

1 L-type static-pressure probe, 
pZ-060 Ure a l l  radial posit ions 

Flaw 
angle 

Total 
psitions b, c, d, and e temperature 

4 Thermocouple rake, radial 



NACA RM E50A09 

T i p  
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Figure I .  - Deslgn veloclty diagrams f o r  t i p ,  mean, and h u b  radius. 
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pressure probe. 
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Figure 5 .  - Var iat ion of ad iabat ic   e f f ic iency  wlth corrected  welght  flow. 
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Figure 6 .  - Variat ion o f  r e l a t i v e  Mach number enter -  
i n g  rotor  and  a n g l e  of at tack  of rotor  blades w i t h  
radius   rat io  f o r  three  weight  f lows at  des ign 
speed. 
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Figure 7.  - V a r i a t i o n  of efftciency, absolute Mach number, and absolute 
a i r   a n g l e   a t   s t a t i o n  3 w i t h  r a d i u s   r a t i o  for three equivalent   weight  
flows a t  design speed. 
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